to replace the conventional 0.75h., line or previous short-ended coupling section on the same plane. The OCS is realized by placing two metal layers to face them with each other up and down threedimensionally. The OCS permits the ring hybrid to have a small size and wideband operation due to the broadside coupling. The proposed 180' ring hybrid coupler is fabricated using MMIC technology. The predicted and measured performances show that the operating frequency of the ring hybrid covers E-to W-hand (60 -IlOGHz) with a good agreement preserved.
I. INTRODUCTION
Ring hybrid coupler is one of the widely'used components in high frequency circuits and systems. The total length of a conventional 180' ring hybrid is ISh, in the closed section. Fig. l(a) and (b) show the basic structure of ring hybrid and the reduced one proposed in [I] , respectively. Since the first attempt to reduce the size had been made in 111, a lot of studies have been focused on new structures to obtain more compact size andior improved performances.
Coupled line section has additional 180' of electrical length plus to 0.25hg of physical length. This property has been understood as phase inverter and used widely in design broadband, small-sized ring hybrids. A number of CPW and CPS ring hybrids were achieved by adopting coupling structures of 0.25hg and phase inverters to replace the required line section of 0.75h,
A novel CPW ring hybrid having wideband performance and compact size is proposed in this work. A three-dimensionally (or vertically) overlapped coupling structure (OCS) with the physical length of 0.25h, is adopted instead of the conventional 0.7Sh, line and short-ended coupling section on the same plane.
STRUCTURE OF THE PROPOSED RING HYBRID
The coupled line section of 0.25% shown in Fig. I(b) is a typical phase inverter to replace the 270" line. This type of coupling section has been widely implemented in microstrip or CPW ring hybrids for relatively low frequency applications because of simple structure and fabrication process. However, especially in ultra high frequency region, CPW coupled line section requires a lot of troublesome considerations in practical design and layout, because the distance between ground planes should be modified at this section. In addition, basically, the coupled line section shown in Fig. l(b) is a bandlimited structure.
Ryu et al. proposed a MMlC 3-dB directional coupler using an air-gap stacked (AGS) microstrip lines [6], which is shown in Fig. 2(a) . The physical dimensions, W1, W2, and G, determine the electrical performances. The similar coupling structure named OCS is used in this work to build the proposed CPW 180" ring hybrid as shown in Fig. 2@ ). The broadside coupling structure results in the right electrical performances expected over wide band even at the very high frequency band.
It is possible to achieve a very broadband coupling using AGS on microstrip line. However in the microstrip case, for high frequency applications, the 33rd European Microwave Conferencc -Munich 2003 GaAs substrate should be lapped so that the final thickness may be less than l00nm or 7Sum. Additionally, W2 must be much broader than W1 for broadband coupling. However, in OCS on CPW, it does not require lapping process although the operating frequency is around 100GHz. Furthermore, the width of metal layers need not to be different nor wide because the ground planes are on the same level of the bottom metal at both sides. The physical dimensions of Fig. 2(a) in [6j are; WI=ZOum, W2=4Oum, G=2.Sum, for the operation over 23 -45GHz, while in the proposed OCS, the width of Wl(=W2) is only 14.6um and G=3um. Fig. 3 shows the layout and three-dimensional stfucture of the proposed E-band 180" CPW ring hybrid. The OCS exists between port 3 and 4. It is illustrated that two metal layers face with each other up and down three-dimensionally. One post is connected to the middle of the top line to support it. There is no damage in performances due to the supporting post. Two ends of coupled lines are shorted to the ground plane properly so that overlapped strip lines do not contact each other.
FABRICATION AND PERFORMANCES
The proposed E-band CPW 180" ring hybrid has been built using a MMIC fabrication technology on a 650 pm-thick GaAs substrate with the dielectric constant of 12.9. The thickness of lower and upper metal in the overlapped coupling section are 0.5 pm and 3 pm, respectively. The widths of two metal lines are foed to be the same. Fig. 4(a) shows the predicted perfomnce of the proposed ring hybrid. An electromagnetic simulator using method of moment has been selected in calculating S-parameters. When port 4 is the input power, as an example, the output power appears equally at port 1 and 3 while port 2 is isolated. The matching at all ports is being kept under -1OdB over 60 -1 I O GHz. Fig. 4(b) shows the measured S-parameters of the fabricated ring hybrid. It is shown that the equally divided outpnt power appear at port 1 and 3 even though there are minor insertion losses. The measured isolation (SI1) is excellent over the operating frequency, and the matching characteristics (Sll, Szz, S,,, S d are quite successful. The measured performances are in good agreement with the predicted S-parameters over all frequency bands. Fig. 5 shows the measured phase difference between and S43. Although some deviation is observed, the phase difference is close to 180" ovcr 60 -110GHz. It is believed that the minor phase error has been caused by the practical modification of layout for measurement, i.e the bended port for measurement, and the measurement setup and calibration.
1v. CONCLUSION
A new type of CPW 180" ring hybrid using the overlapped coupling structure has been proposed. A GaAs MMIC fabrication technology has been used for building an example of the proposed circuit. Due to the three-dimensionally overlapped coupling structure, a very wideband operation has been achieved. The measured power division, matching, and isolation performances were excellent and in good agreement with the predicted ones over E-to W-band (60 - 
